Introduction
major role in the asthma pathophysiology [12] . DNase Abzs from SLE, lymphoproliferative diseases [13] and MS [5] and DNAhydrolyzing Bence-Jones proteins from multiple myeloma patients [14] [15] . Proteolytic IgGs from patients with sepsis may participate in the control of disseminated microvascular thrombosis and play a role in recovery from the disease [16] . Obviously, the study of mechanisms of Abzs production and their biological role is very important for understanding the pathogenesis of AI diseases. [17] . Evidence supports activated CD41 myelin-reactive T cells as major mediators of MS [17] . [17] [18] [19] . An important dual role of auto-Abs is suggested: they may be harmful in lesion formation but also potentially beneficial in repair [18] . [20] . High [21] .
MS is a chronic demyelinating disease of the central nervous system. Its etiology remains unclear, and the most widely accepted theory of MS pathogenesis assigns the main role in the destruction of myelin to the inflammation related to AI reactions

Several recent findings imply an important role of B cells and auto-Abs against myelin autoantigens in the pathogenesis of MS
Elevated Abs levels and oligoclonal IgG bands in the cerebrospinal fluid (CSF) as well as clonal B-cell accumulation in the CSF and lesions of MS patients are among the main lines of evidence
-affinity anti-DNA Abs have been recently identified as a major component of the intrathecal IgG in MS patient's brains and CSF cells
Recently, we have shown that homogeneous IgGs from the sera and CSF of MS patients are active in the hydrolysis of DNA, RNA and polysaccharides [22] [23] [24] . Whereas only 18 and 53% of MS patients contain increased concentrations of Abs to native and denatured DNA, respectively, as compared with healthy donors [6] , DNase Abzs were found in approximately 80-90% of MS patients [22, 23] . Because DNase Abzs of MS patients are cytotoxic and induce apoptosis [5] , they can play an important role in MS pathogenesis.
Immune-mediated demyelination initially manifests as a separation of myelin lamellae followed by the loss of myelin proteins and the eventual loss of myelin membranes. hMBP, one of the major structural proteins of myelin, is highly vulnerable to various proteases produced by diverse cell types [25] . [26] [27] [28] . Later, hMBP-hydrolyzing activity of IgG from MS patients was confirmed and the specific sites of neural antigen cleaved by Abs were established [29] . Recognition and degradation of MBP peptides by serum auto-Abs was confirmed as a novel biomarker for MS [30] .
Recently, we have proposed catalytic immune response against hMBP in MS patients, developed several rigid criteria and applied them to show that hMBP-hydrolyzing activity is indeed an intrinsic property of IgGs, IgMs and IgAs from the sera of patients with MS
Theoretically, a mammalian immune system can produce up to 10 6 [26] [27] [28] . The polypeptides were visualized by silver staining and by Western blotting onto a nitrocellulose membrane [22] [23] [24] [26] [27] [28] . 
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Results
Recently, we presented evidence demonstrating that highly purified MS IgGs specifically catalyze hydrolysis of hMBP but not other proteins [26, 28] . In this work, electrophoretically and immunologically homogeneous pIgG was purified by sequential chromatography on Protein-G Sepharose under conditions that remove non-specifically bound proteins, followed by FPLC gel filtration in an acidic buffer destroying immune complexes [26] [27] [28] [26] [27] [28] (Fig. 1) .
. The homogeneity of the 150 kD IgG was confirmed by SDS-PAGE with silver staining, which showed a single band under non-reducing conditions and two bands corresponding to the H and L chains after reduction. To exclude possible artefacts due to hypothetical traces of contaminating enzymes, the IgG was separated by SDS-PAGE and its hMBP-hydrolyzing activity was detected using an in-gel assay as in
The efficiency of the hMBP cleavage was calculated from the decrease in the intensity of Coomassie-stained hMBP band after electrophoresis [26] [27] [28] and from hydrolysis of a specific 19-mer oligopeptide [29] [23, 24, [31] [32] [33] .
pH dependencies of hMBP hydrolysis
Catalytic heterogeneity of polyclonal nuclease and polysaccharidehydrolyzing Abzs from patients with different AI diseases, including MS patients was shown in many papers
It is well known that canonical mammalian, bacterial and plant proteases, depending on their biological function, can have optimal pH values ranging from acidic (2.0) to neutral and alkaline (8) (9) (10) [35, 36] (Fig. 2) . Taking this into account, one cannot exclude that human immune system 
B). The difference in the intensities of these substrates incubated in the absence (lane 1) and in the presence of IgGs from four MS patients (lanes 2-5) was used for the calculations of their RAs. Several control IgGs were used: from a healthy donor (lane 6), a patient with schizophrenia (lane 7), IgGs from MS patients having no affinity for hMBP-Sepharose (lane 8) and IgGs from a healthy patient having affinity for hMPBSepharose and purified on this sorbent (lane 9). To quantitatively estimate the protease activity only experiments with the 15-40% conversation of substrate to its product of hydrolysis were used, for example, lane 4 (A) and lines 2 and 3 (B). In this experiment, 0.1 mg/ml pIgGs from eight different patients were used. could in principle produce Abzs with a proteolytic activity similar to that of stomach acidic proteases.
Catalytic activity of IgGs of different sub-classes
As mentioned earlier, AI pIgGs can possess DNase, RNase, amylolytic and proteolytic activity [3] [4] [5] [6] [7] [8] [9] Figs. 3 and 4) as in [26] [27] [28] [29] . (Figs. 3 and 4) 
. However, at present nothing is known about possible catalytic activities of IgGs of different sub-classes. To analyze an 'average' situation concerning a possible catalytic heterogeneity of MBP-hydrolyzing IgGs, we have prepared a mixture of equal amounts of IgGs from the sera of 10 MS patients. We have separated mixture of IgGs to Ab subfractions of the first (IgG1), second (IgG2), third (IgG3) and fourth (IgG4) sub-classes as well as IgGs containing Ϫ and -type of light chains by affinity chromatography on the specific affinity adsorbents bearing immobilized monoclonal Abs to human IgGs of these types (Figs. 3 and 4). The purity of IgGs of all types was analyzed by ELISA; preparations of IgG1, IgG2, IgG3 and IgG4 were immunologically homogeneous and did not contain detectable amounts of IgGs of other sub-classes. Immunological homogeneity was also observed for IgGs containing Ϫ and -type of light chains. The relative activities (RAs) of the fractions corresponding to the central parts of the peaks of different types of IgGs eluted with glycine buffer, pH 2.6, were measured in the hydrolysis of hMBP and OP-19 (
The profiles of the RAs in the hydrolysis of hMBP and OP-19 catalyzed by pIgGs of different sub-classes were to some extent similar (Fig. 4). All fractions of every peak corresponding to the specific type of IgGs were combined and their relative specific activity (RSA) in the hydrolysis of hBMP (0.19 mg/ml) and OP-19 (0.33 mM) at fixed concentrations of these substrates was measured (Table 1). IgGs containing Ϫ and -types of light chains were obtained in two ways: (i) by chromatography on anti--IgG and (ii) on anti--IgG Sepharose. Because the acidic treatment of IgGs leads to their partial inactivation and incomplete refolding after incubation © 2009 The Authors Journal compilation © 2010 Foundation for Cellular and Molecular Medicine/Blackwell Publishing Ltd
Fig. 2 pH dependence of the relative hMBP-hydrolyzing activity (RA) of individual IgGs from the sera of five different MS patients (graphs 1-5). Hydrolysis of hMBP incubated alone was used as control ('Con.') The relative protease activity corresponding to a complete transition of 0.19 mg/ml hMBP to its shorter oligopeptides after 1.5 hrs in the presence of 0.1 mg/ml pIgGs was taken for 100%. The average error in the initial rate determination from two experiments did not exceed 7-10%. For other details see Materials and Methods.
Fig. 3 Affinity chromatography of the mixture of 10 pIgG preparations on anti--Abs (A) and anti--Abs (B) Sepharoses: (-), absorbance at 280 nm, (ٗ) relative catalytic activity (RA). The complete transition of 0.19 mg/ml hMBP to its hydrolyzed forms after 1 hr of incubation in the presence of 0.1 mg/ml pIgGs was taken for 100%. The average error in the initial rate determination from two experiments in each case did not exceed 7-10%. of the purified IgGs in a neutral buffer, the RSAs of -IgGs and -IgGs eluted from the affinity sorbents by the acidic buffer were approximately 1.3-fold lower than those of corresponding IgG fractions of the flow-through peaks (Table 1). Since the purification of all types of IgGs
Chromatography of pIgGs on hMBP-Sepharose
It was shown previously that nuclease Abzs from the sera of AI patients and animals are very heterogeneous in their affinity for DNA and can be separated into many fractions by chromatography on DNA-cellulose [23, [31] [32] [33] . We have analyzed the affinity of MS pIgGs for hMBP by chromatography on hMBP-Sepharose (Fig. 5) .
The pIgG fractions of the first peak with no affinity for hMBP possessed no detectable proteolytic activity, whereas nine fractions of IgGs eluted from hMBP-Sepharose with different concentrations of NaCl (0.1-3.0 M) and MgCl2 (2-3 M) were active in the hydrolysis of hMBP. The distribution of the pIgG and its protease activity all over the profile of the affinity chromatography demonstrated a significant heterogeneity of MS IgGs in their affinity for hMBP.
We have estimated the apparent Km and Vmax (kcat) values for the hydrolysis of both substrates by IgGs corresponding to the fractions 1, 5 and 9 with the weakest, medium and strongest binding to the affinity sorbent (Fig. 6) (Fig. 6B, fraction 9) , it was approximately 5-fold higher than for the first pIgG fraction and approximately 1.5-fold higher than for the fifth fraction eluted with 1 M NaCl ( Table 2 ). The data in Table 2 are indicative of catalytic and affinity heterogeneity of non-fractionated pIgG. [42] . Several different types of haptens were used to mimic the transition state of the substrate in the ester/amide hydrolysis [43] . Autoimmune mice results in a dramatically higher incidence of various Abzs with a higher activity than in conventionally used normal mouse strains.
In MS, the protease activity of anti-hMBP Abzs can attack hMBP of the myelin-proteolipid shell of axons. An established MS therapeutic Copaxone appears to be a specific hMBP-hydrolyzing Abzs inhibitor [29] . Consequently, the Abzs may play an important role in MS pathogenesis. [21] . In addition, it was shown that DNase Abzs from MS patients are cytotoxic and induce apoptotic cell death [5] . Moreover, MS Abs possess a very high polysaccharide-hydrolyzing activity [24] . Taking these data in account, it is reasonably to propose that polysaccharide-hydrolyzing, DNase and especially hMBP-hydrolyzing Abzs may cooperatively promote important neuropathologic mechanisms in this chronic inflammatory disorder and MS pathogenesis development. 
High-affinity anti-DNA Abs have been recently identified as a major component of the intrathecal IgG in brain and CSF cells of MS patients
